The properties of extracellular cellulase obtained from Bacillus species (FIIRO Strain B223) on supplying cellulose from Brewers Spent Grain (BSG) were studied. Generally, a crude cellulase activity between 11,757 Units to 13,930 Units was observed for both sources of carbon (BSG and crystalline cellulose). The optimum pH and temperature of 5.0, and 30˚C -40˚C for both sources of carbon was observed. Heavy metals such as copper, zinc, and iron inhibited the activities of B223 cellulase while the cellulase activities on alkaline earth metal (manganese) were moderate. The co-factor behaviour of manganese ion was also established. Local production of cellulase in Nigeria using local raw materials such as Brewers Spent Grain reduces enzyme cost; cost of finished products and increases gross domestic products.
Introduction
There is an increasing interest in utilising cellulose wastes as feedstock for fermentation processes, thereby
Materials and Methods

Isolation of Bacillus species
The strain of choice was isolated from BSG undergoing bio-deterioration in the open environment. One (1) gram of the deteriorating BSG was weighed and aseptically transferred into the first test tube of 1 in 10 dilutions containing sterile distilled water as diluent. The pour plate technique as previously described by [5] was used for the primary isolation of the cellulase producing strains. Pure cultures were obtained by sub-culturing the primary plates to obtain discrete colonies.
Biochemical Characterization and Identification
The bacterial strains with high cellulase producing ability were picked for identification and further investigation. Preliminary identification by morphological analysis was conducted by using light microscope after Gram staining, and spore staining. The Gram staining and spore staining method have been previously described [6] . Biochemical characterization was carried out on the isolates using Analytical Profile Index (API) kits for Bacillus.
Screening for Hyper Producers of Cellulase
A total of 21 strains of bacteria strains were obtained from deteriorating Brewers Spent Grain. Therefore, a preliminary qualitative analysis for cellulolytic activity was conducted by using Congo red dye. The bacteria were grown on Carboxymethyl Cellulose (CMC) agar which was prepared by adding 5% CMC into Nutrient Agar (Oxoid). The detailed screening procedure has been previously described [5] .
Determination of Protein Content of the Crude Cellulase
Protein content of the enzyme extracts were determined by following the method of Lowry and colleagues [7] with Bovine serum albumin as standard. Protein extract, 0.2 ml was measured into tubes and 0.8 ml distilled water was added to it. Distilled water was used as blank while BSA standard curve was equally set up. In addition, 5.0 ml of alkaline solution was added to all the tubes, mixed thoroughly and allowed to stand for 10 mins, 0.5 ml of folin-ciocalteau solution (Phenol Reagent) was added to all the test tubes and left for 30 mins after which the optical density was read at 600 nm wavelength in a spectrophotometer (T70 PG Instrument UV model). The protein concentration was estimated using values extrapolated from the standard graph of protein.
ABSORBANCE PROTEIN CONTENT= GRADIENT
Determination of Crude Cellulase Activity
The activity of crude cellulase in the centrifugal supernatant was determined according to the methods which had also been previously reported by [8] [9] . Aliquots of appropriately diluted centrifugal supernatant as enzyme source was added to 50 mg of Whatman No. 1 filter paper strip immersed in 1 mL of 0.05 M sodium citrate buffer, pH 5.0. After incubation at 50˚C for 30 min, the reducing sugar released was estimated by the Dinitro Salicyclic Acid (DNSA) methods [10] [11] . One unit of filter paper (FPU) activity was defined as the amount of enzyme releasing 1 μmole of reducing sugar.
Determination of Specific Activity
This is the activity of an enzyme per milligram of total protein (expressed in units/mg/ml). Specific activity of the cellulase was determined using the formula below.
Determination of Effect of Temperature on the Activity of Cellulase
The Enzyme activity was measured by treating the enzyme-substrate mixture at various temperatures from 30˚C and 80˚C. Technically, the cellulase enzyme was diluted, and 0.5 ml of the cellulase diluted cellulase was gently pipetted into well-labelled test tubes previously loaded with o.5 gram of shredded filter paper. The enzyme-substrate reaction was incubated at 40˚C for 60 Minutes. In addition, other tubes prepared in this way were labelled, and each incubated at different temperatures (50˚C, 60˚C, 70˚C, and 80˚C) for 60 minutes in each case. Dinitro salicyclic acid (30 mls) was added into all the tubes to stop the reaction. The tubes were boiled further for 5 minutes at 100˚C to develop the red/orange colour. On cooling down to at least temperature of 10˚C, 0.2 ml of the boiled enzyme-substrate mixture was transferred into the curvette of a spectrophotometer (UN-ICAM) and absorbance read at 540 nm wavelength. This DNSA method has been previously used and reported [5] [10] [11] .
Determination of Effect of pH on the Activity of Cellulase
The activity of the cellulase was measured at various pH using different pH values of citrate buffer. Technically, 0.5 ml of the citrate buffer at different pH (4 -8) was mixed with 0.5 ml of the diluted enzyme in a well labelled test tube containing filter paper strip. The assay was done with DNSA method, and water bath incubation was carried out at 50˚C (optimum temperature).
Determination of Effect of Metallic Ions on the Activity of Cellulase
The reaction of the enzyme and filter paper substrate was allowed to proceed at 50˚C with duplicate test tubes containing 10 mM MnSO 4 , CaSO 4 , MnSO 4 , ZnSO 4 , and FeSO 4 . Test tubes were labelled according to the source of carbon (BSG and Crystalline Cellulose), and above mentioned salts. The cellulase extract was diluted accordingly, and 0.5 ml of the diluted enzyme was pipetted into the labelled test tube already loaded with 0.5 gram of shredded filter paper. Thereafter, 0.5 ml of 10 mM solution of each of the above mentioned salts (one salt to one test tube) was pipetted to a test tube. The incubation of the reaction mixture was done at 50˚C, and the assay done using previously described DNSA Method [5] . Tubes containing distilled water and substrates (without the enzyme) but treated in the same way as sample served as the blank.
Results and Discussion
The crude activity of crude cellulase from Bacillus species on utilization of cellulase from Brewers Spent Grain and from crystalline cellulose was studied at different hours of fermentation. The crude cellulase activities as cellulase from BSG was observed as 239 Units, 146OOU, 13930U, 13260U, 128320U and 13650U at 0, 24 h, 48 h, 72 h, 96 h and 120 hours respectively. The crude cellulase activities when crystalline cellulase was used as carbon source were 153U, 11757U, 12110U, 13015U, 13015U, 13850U, and 135000U at 0 h, 24 h, 48 h, 72 h, 96 h, and 120 h respectively ( Table 1) . Statistical analyses of Variance (ANOVA) showed that the crude cellulase activity when BSG cellulose was the source of carbon was higher than cellulase activity when crystalline cellulose was used as sole carbon source. This is probably because bacillus strain used in this study had more access to crystalline cellulose than BSG celulase at the 24 th , 48 th hour whereas the reverse was the case at 96 th hour of fermentation ( Table 1) .
There are extensive reports of cellulose with activity of 3.69 FPU/ml produced by solid state fermentation of defatted palm kernel cake by Bacillus cereus [12] .
The protein content of the crude cellulase from BSG Cellulose Erlenmeyer flask was 3.3 Mg/ml on the zero hour but increased progressively to 10.4 mg/ml on the 48 th hour. In addition, a slight decrease at 72 hour from 8.2 mg/ml to 5.97 Mg/ml on the 120 hour was also observed ( Table 2 ). In the Erlenmayer flasks containing crystalline cellulose as carbon source, the protein content at zero hour, 24 h, 48 h, 72 h, 96 h and 12 h were 1.5 mg/ml, 5.10 mg/ml, 6.57 mg/ml, 7.11 mg/ml, 6.0 mg/ml and 2.63 Mg/ml respectively ( Table 3 ). The highest protein content for the BSG cellulose set-up was observed at 48 h, and this correlates positively with the highest crude cellulase activity at the 48 hour. Similarly, for crystalline cellulase set-up, protein content was highest (7.11 Mg/ml) at 72 hour. This also correlates positively with the cellulase activity at 72 hour.
The specific enzyme activity when supplemented with BSG cellulase at Zero hour, 24 h, 48 h, 72 h, 96 h and 120 h was 182 U/Mg/ml, 1609 U, 13339, 1617.1 U/Mg/ml, 2746.6 U/Mg/ml and 2746.6 U/Mg/ml respectively. The specific cellulase activity on utilisation of crystalline cellulose as sole carbon source was 97.60 U/Mg/ml, 1567.1 Mg/ml, 1843.2 U/Mg/ml, 2135.3 U/mg/ml, 2308.3 U/mg/ml and 5133.1 U/Mg/ml respectively ( Table 2) . Generally, the specific activity of cellulase produced from crystalline cellulase was highest at 5133.1 U/Mg/ ml on the 120 hour of fermentation as against a specific activity of 2286.4 U/Mg/ml on the 120 hour of fermentation. This significantly higher specific activity of the crystalline cellulose could be because the crystalline cellulose is more refined than the crude BSG cellulose.
Studies on cellulase produced by wild strains of Aspergillus niger, Penicillium chryseogenum, and Trichoderma harzianum using a submerged fermentation method recorded a maximum activities of 0.30, 0.24 and 0.20 Units/Mg protein for cellulase from A. niger, P. chryseogenum, and T. harzianum respectively at 144 hours of incubation using Saw dust as substrate [13] .
In another related study, a novel thermo-tolerant endoglucanase from Bacillus strains with the highest specific activity of 1.1 U/Mg proteins on utilisation of 8% carboxymethyl cellulose was reported [14] .
The temperature tolerance properties of the Bacillus cellulase were also studied at different time intervals with respect to the source of cellulose. The temperature studies were not carried on cellulase harvested on the zero hour because activity was grossly low. Cellulase activities in both sources of cellulose (BSG and crystalline cellulose) were high on incubation of enzyme and substrate at 30˚C The BSG and crystalline cellulose options had activities of 2850.06 and 6168.63 Units respectively (Table 3) . Generally, for both sources of carbon at 60˚C, and 80˚C activities dropped down significantly while at 70˚C the activities were between 113.3 units to 2482.50 units ( Table 3) . Thus it is hereby established that temperatures of 30˚C and 40˚C were optimum temperatures for cellulase activity of Bacillus species (Strain B223) cellulase.
There are several studies on tolerance of cellulase to different temperature. The study reported the production of cellulase by a cellulolytic bacterium identified as Cellulomonas sp ASN2, with an optimum temperature of 60˚C [15] .
There are studies on cellulase from microorganisms associated with the gut of giant African snail (Archachatina marginata) [4] . It was documented that a cellulase activity of 0.62 Mg/ml/sec and optimum pH 80˚C for Bacillus subtilis cellulase. Similarly, other reports showed a minimum and maxmum activity of 45˚C and 40˚C respectively of cellulase produced by Bacillus subtilis [16] .
The effect of various pH on the activities of cellulase was also studied and reported. pH was varied between 3.0 and 8.0 for both cellulase produced using BSG cellulose and refined cellulose powder, and the optimum pH was observed at 5.0. This implies that the catalysis mediated by cellulase of B223 strain is best achieved at pH 5.0 ( Table 4) .
The optimum pH of 5.0, and 5.5 for cellulase produced from Penicillium artrovenetum in a submerged fermentation condition was documented by other workers [17] . In another related study, it was established that a bacteria cellulase had its optimum activity at a pH of 7.5 [18] . This alkaline pH or near neutral pH condition did Table 4 . Effect of pH on the activities of cellulase of different hours of production and different carbon sources. and development in agro-allied processing.
Conclusion
The production of cellulase using cellulose from BSG is established, and the possibility of packaging of B223 cellulase by incorporating manganese ion as co-factor is hereby established in this study. This local production of cellulase from local sources is a noteworthy contribution as it reduces enzyme cost, cost of final product, increases Gross Domestic Products (GDP), and saves foreign exchange.
